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0 Fibre optic photocathode. 

© A fibre optic photocathode is provided that is 
useful in achieving the strict dimensional constraints 
of Instrumentation and array use, in which the output 
(6) of a high intensity light source, such as a laser, is 
transmitted in the core (2) of a clad optical fibre (1) 
to the cathode location, where a conducting cathode 
material (4), having a work function corresponding to 
the frequency of the light source in which the photon 
energy of the light (6). being slightly above the work 
function of the material (4), is positioned essentially 
in contact with the core (2) of the optical fibre (1), 
The photocathode (4) may be coated directly on the 
optical fibre (1). The end of the fibre core (2) may 
further be shaped to increase the extraction field so 
as to provide an intense optical emission spot. The 
optical fibre cladding may provide precision advan- 
tage in shaping. Electrical connection to the cathode 
materia! (4) may be facilitated by connection to a 
metal coating over the optical fibre cladding (3) or 
extending the cathode material (4) to an adjacent 
support. 



FIG. 4 
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FIBRE OPTIC PHOTOCATHODE 



The invention is directed to cathodes that serve 
as electron sources In apparatus that employs a 
beam of electrons. 

In electron beam apparatus, as the art has 
progressed, it has become apparent that with ther- 
moionic and field emission types of cathodes or 
electron sources, the emission is subject to losses 
that operate to limit performance. 

It Is desirable that the emission pattern be as 
confined and directional as possible. In general, 
photoemfssion is more directional than thermionic 
emission, and It can be tailored by manipulation of 
the generating light beam. 

Thermionic emission cathodes having arrange- 
ments for confining the emitted electron beam are 
in the art. 

U.S. Patent 4,324,999 issued April 13. 1982 to 
Wolfe, entitled ELECTRON-BEAM CATHODE HAV- 
ING A UNIFORM EMISSION PATTERN, discloses 
an electron-beam cathode which emits electrons in 
a cone-shaped pattem in a fonArard direction whoe 
electron density is substantially uniform throughout 
the cone. The cathode is comprised of a needle- 
shaped piece of single crystal tungsten having 
dopant atoms of zirconium and oxygen in the bulk 
thereof, and having only a single surface on the 
needle's tip. This cathode is formed by the steps 
providing a needle- shaped piece of single crystal 
tungsten having dopant atoms of zirconium and 
oxygen in the bulk thereof, and having a plurality of 
ring-shaped surfaces on the needle's tip; and sub- 
sequently transforming those surfaces into diag- 
onally oriented planar surfaces by heating the nee- 
dle in an atmosphere of oxygen to diffuse tungsten 
atoms from the needle's tip to its sides. 

A photoemission cathode Is described in U.S. 
Paten 4.460,831 Issued July 17, 1984 to Oettinger 
et al. entitled LASER STIMULATED HIGH CUR- 
RENT DENSITY PHOTOELECTRON GENERATOR 
AND METHOD OF MANUFACTURE, wherein there 
is disclosed a laminated photoemissive cathode 
employing a sapphire substrate on which com- 
pound electron emitting materials, such as those of 
cesium and compound semiconductors, are placed. 
The photoemissive surface is applied to the end of 
an optical fiber into the other end of which laser 
light is directed. 

There have been other efforts in the art to use 
optical fibers to deliver light to photoelectric sur- 
faces. 

European patent EP1 87087 to d'Humleres et 
al, dated December 14. 1984, describes a structure 
wherein an optical fiber feeds into a photocathode 
to provide a source for a scanning system. 

Japanese patent JP60-30230. dated July 29, 



1983, discloses a system wherein an optical fiber is 
connected directly to a photoelectric surface, Elec- 
trons are used to actuate a switch. 

In two publications, Research Disclosure 

5 RD23808 (February 1984). pages 37. 38. and 
RD255028 (February 1985). page 114, structures 
are shown wherein the beam from an optical fiber 
Illuminates a photocathode and wherein a plurality 
of optical fibers are connected to a photocathode. 

10 As the art progressed, awareness developed 
that brighter photoemission and resistance to deg- 
radation usually from environmental factors was 
desirable. 

It has been described, in an article entitled 

IS "Laser Photoelectron Sources of High Apparent 
Brightness" by Gail A. Massey in the IEEE Journal 
of Quantum Electronics. Vol. QE20, No. 2, Feb- 
ruary 1984, pages 103 to 105. that the output of a 
laser striking a very small convex emitter surface of 

20 a cathode with a corresponding convex anode can 
produce a photoemission of very high brightness 
wherein the energy Is sufficient to provide emission 
from simple materials with 4-6 eV workfunction 
energies that are resistant to many environmental 

25 factors. 

While the article provides an indication that 
practical photocathodes using materials resistant to 
environmental factors may be employed in electron 
beam apparatus, there still remains a problem in 

30 the art In providing such photoelectron sources in 
simple structures compatible with the stringent 
specifications of small signal sensitivity and sub- 
micron dimension device production equipment. 
The invention is a fibre optic photocathode, 

36 useful In achieving the strict dimensional con- 
straints of Instrumentation and array use, in which 
the output of a high intensity light source, such as 
a laser, is transmitted in the core of a clad optical 
fibre to the cathode location, where a conducting 

40 cathode material, having a work function corre- 
sponding to the frequency of the light source. In 
which the photon energy of the light is slightly 
above the work function of the material, is posi- 
tioned essentially in contact with the core of the 

4$ optical fibre. The photocathode may be coated 
directly on the optical fibre. The core of ehe optical 
fibre operates to control the size of the photoemis- 
sion. The end of the fibre core may further be 
shaped to increase the extraction field §o as to 

so provide an intense optical emission spot. The op- 
tical fibre cladding may provide precision advan- 
tage In shaping. Electrical connection to the cath- 
ode material may be facilitated by connection to a 
metal coating over the optical fibre cladding or 
extending the cathode material to an adjacent sup- 



2 



6/25/06, EAST Version: 2.0.3.0 



3 



EP0 348 611 A2 



4 



port. 

One way of carrying out the Invention is de- 
scribed in detail below with reference to drawings 
which illustrate only one specific embodiment in 
which: 

FIG. 1 is a schematic illustration of the fibre 
optic photocathode and relative position of the as- 
sociate anode. 

FIG. 2 is a dimensionally correlated graph of 
light intensity over a surface which will be reflected 
in the electron emission pattern. 

FIG. 3 Is a schematic illustration of a jac- 
keted optical fibre with a flat emission surface. 

FIG. 4 Is a schematic Illustration of a metal 
coated fibre with a shaped emission surface. 

FIG. 5 is a schematic illustration of a high 
intensity light source focused into an optical fibre 
and with the emission material extended to a sup- 
porting member. 

FIG. 6 is a schematic Illustration of an array 
of photocathodes. 

The invention is a fibre optic photocathode 
wherein referring to RG. 1. an optical fibre 1 has a 
core 2 surrounded by cladding 3 with an envi- 
ronmentally resistant photoemissive cathode ma- 
terial 4 across the face 5 of the optical fibre and in 
contact with at least the core 2. High intensity light, 
such as from a laser, the photon energy value of 
which is slightly above the. work function of the 
cathode material 4, is schematically shown by ar- 
row 6 as being introduced Into the fibre optic core 
2. Under these conditions, in the presence of an 
extracting field 7 between the emitting portion 8 of 
the material 4 and anode 9 with an opening 10. a 
very bright confined beam 1 1 of photoemitted elec- 
trons is produced. Further, under these conditions, 
the anode 9 may be flat. Still further, the material 4 
can be extended past the face 5 to a region for 
ease of making the cathode electrical contact. 

The brightness and directionality of the beam 
11 is Illustrated In connection with FiG. 2 which is 
dimensionally conrelated with FIG. 1 and shows the 
iocalized intensity of the beam across the face 5. In 
FIG. 2 there is a sharp increase in intensity, many 
times that of the background level, narrowly con- 
fined to the area right under the beam. 

Since photocathodes emit electrons in a better 
defined cone compared with thermionic cathodes 
and since the stmcture of the invention permits 
very precise focusing, a relatively flat anode be- 
comes possible with no significant loss in effi- 
ciency. 

In accordance with the Invention, the 
photocathode may be coated directly on the end of 
the optical fibre such as by evaporating, sputtering 
or plating, or with some loss it can be positioned 
adjacent to It. Since the cathode is operated in a 
vacuum but is sensitive to air and the impurities in 



the vacuum, the work function of the material 4 of 
the photocathode Is of some importance. It is re- 
lated to the light frequency to the point where 
visible light frequency to the point where visible 

5 light requires a lower work function and the higher 
work functions require ultra violet. Most metals are 
in the 4-5 electron volt range, such as copper, 
nickel, gold, tungsten and aluminum. Clearly, gold 
would be prefenred as It is a good conductor and 

70 doesn't oxidize. Further, photoemissive materials 
with lower work functions would include such com- 
pound semiconductors as GaAs, GaP and cesiated 
photocathode materials to the extend that envi- 
ronmental degradation doesn't interfere with their 

75 performance. 

The efficience of a photocathode is generally 
measured in terms of the number of electrons 
emitted per unit area. It has been found in accor- 
dance with the envention that the thickness of the 

20 photocathode 4 In the region 8 is of the order of a 
few tens of nanometers, where 20nm are generally 
needed for an electrically continuous film, and 3nm 
is a minimum con'esponding to the escape depth 
distance In the material chosen for the 

25 photocathode. It has further been found, In accor- 
dance with the Invention, that a factor of 10 im- 
provement in efficiency can be achieved by provid- 
ing a rough surface film for the element 4 at least 
in the region 8 and this is ach eved by providing a 

30 thin layer of calcium fluroide under the layer of 
gold on the surface of the cladding and core 2 and 
3 of the optical fibre 1 In FIG. 1. In the fibre optic 
element 1, the smaller sizes are best and a pre- 
ferred structure would have the core 2 about 3 to 4 

35 microns in diameter with the cladding 3 being 
about 50 microns thick, providing a fibre optic 1 
diameter of about 100 microns. The material of the 
core 2 is for most purposes a silica based fibre that 
does not attenuate light significantly although there 

40 are some light frequencies that respond better to 
materials other than silica based. It is important 
only that the strong light source introduced at 6 
into the core 2 not be significantly attenuated until 
it reaches the face 5. 

45 Referring next to FIGS. 3 and 4, in accordance 
with the invention, certain features of types of op- , 
tical fibres provide useful advantages. 

in FiG. 3 a schematic view of a jacketed type 
optical fibre Is shown. 

50 The fibre has a core 2 of usually silica based 
material with optical properties generally favorable 
to the transmission of the light introduced as in- 
dicated as arrow 6. Surrounding the core 2 is a 
region 3 of cladding material again, usually silica 

66 based, with optical properties selected to reflect 
light in the core 2 back into the core 2 at the 
interface with the cladding 3. Sun-ounding the clad- 
ding 3 is a jacket 12 principally for structural 
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strength and protection. The jacket material 12 is 
usually plastic. Most longer length fibre optical 
applications employ jacketed structures. 

At the face 5 the cladding 3 and core 2 are 
constructed to extend beyond the jacket 12 a dis- 
tance 0 of about 1 to 2 millimeters. The face 5 is 
made ffat and essentially perpendicular to the 
length dimension of the core 2 by a scribing and 
wedging operation known in the art as cleaving. A 
tWn high wori< function layer 4 of for example 20nm 
of gold applied by an evaporation process is pro- 
vided over the face 5. The material is extended 
along the dimension D in the region 13 to facilitate 
making the cathode contact. 

Referring next to FIG. 4. an illustration is pro- 
vided of an optical fibre with a metal coating over 
the cladding and with the emitting portion shar- 
pened to enhance the intensity of the extraction 
field and therefore the overall brightness of the 
source. 

The core 2 is surrounded by a cladding portion 
3 and the cladding 3 in turn is provided with a 
metal covering 1m. The light Js introduced as de- 
picted by anrow 6. The combination of the core 2 
and the cladding 3 Is brought to a point or very 
small radius at the emitting location 15. The cath- 
ode material 4 is placed over both the cladding 3 
and the core 2 and extended to the metal cover 1 4 
which permits an easier cathode contact. 

The sharpening of the portioo 15 is easier with 
greater overall widths of the fibre 1 because the 
slope can be more controlled and the smaller the 
spot at the sharpened region 15, the better the 
extraction field can draw out greater numbers of 
electrons per unit area and hence greater bright- 
ness. A further advantage is the relative ease of 
making a continuous coating by not having sharp 
angles. 

It will be apparent to one skilled in the art that 
within the principles of the invention there will be 
many variations and substitutions that can be made 
In using the features of the various types of optical 
fibres available in the art of which those of FIQS. 3 
and 4 are merely representative. For example, In 
the jacketed type of fibre, if the jacket were to have 
a conductive coating, the contacting technigue 
used with the fibre of FIG. 4 could be used. 

Referring next to RG. 5, there is shown a 
schematic illustration of a high intensity light 
source focused into an optical fibre of some length 
ancf at the emission end the photoemitting cathode 
material Is extended onto a supporting member. 

The high intensity light source 16, which may 
be a laser although coherent light is not essential, 
has the' light 17 therefrom controlled by a modula- 
tor 18 and focused In a lens 19 Into the core 2 of a 
Jacketed type optical fibre 20. At the focusing loca- 
tion, the lens can be positioned somewhat remote 
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from the core 2 and cladding 3 end of the optical 
fibre into which the light is being directed. The 
modulator 18 can be used to turn the light 17 off. 
At the emission end, a supporting member 21 , 

5 such as a flange of metal to facilitate electrical 
conduction and stmctural rigidity is provided. An 
opening 22 through the member 21 is provided 
having an opening all the way through the side of 
the cladding 3 and having a counterbore 23 on one 

10 side approximately half way through the side of the 
jacket 12. 

The optical fibre 20 is positioned in the coun- 
terbore 23 with the core 2 and cladding 3 extend- 
ing beyond the jacket 12. through the member 21 a 

15 distance detenmlned by the desired field with an 
anode not shown. The photoemls.lon material 4 is 
applied, such as by bcoating. directly on the cleav- 
ed face 5, extending along the side regions, to, and 
over the face, of the member 21. The optical fibre 

20 20 is then fastened with the jacket 12 In the coun- 
terbore 23 and with the cladding 3 and core 2 
positioned by the mateiral 4 which has a good 
electrical contact thereto through the metal mem- 
ber 21. 

25 It is desireable for an optimum photoemission 
to match the photon energy of the light source 16 
with the work function of the material 4. The photon 
energy Should be slightly above the work function 
but as the photon energy exceeds the work func- 

00 tion the electrons lose directionality and brightness 
diminishes. 

Referring next to FIG. 6, a schematic Illustra- 
tion is provided of a portion of an array of 
photocathodes as illustrated in FIG. 1. The 

35 photocathodes 24, 25 and 26 are positioned In a 
supporting member 21 as shown In FIG. 5 and 
each has a core 2 and cladding 3 as shown in the 
enlarged figures. The schematic Illustration of FIG, 
6 Is viewed from the under side of the 

40 photocathode of the Invention lies in the fact that 
the anode can be flat and consequently each 
photocathode 24, 25 and 26 can be positioned in a 
supporting member, such as 21 in FIG. 5. so close 
to a neighbor as to be tangential so that the inter- 

45 cathode distances are very close to the diameter of 
the core and cladding of the optical fibre. 

In the schematic array of FIG. 6, it will be 
apparent that an advantage lies In the fact that 
individual ones of the cathodes 24, 25 and 26 can 

50 be turned on or off by merely changing the elec- 
trical connections to the cathode or by using the 
shut off capability of the modulator 18 in FIG. 5. 
whereby the Invention provides the ability to selec- 
tively choose pixel elements by activating individ- 

55 ual fibres and this capability would be useful in 
electron beam lithography and test technology. 

The preferred embodiment would be to use as 
an ultra violet source the fourth harmonic of a fibre 

4 
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compressed Nd-YAG modelocked laser, resulting 
in 1 picosecond pulses at 266 nanometers with 
average power of 3 milliwatts and 100 megahertz 
repetition rate. The optical fibre has a 3 to 4 micron 
diameter core, and cladding of about 50 microns 
so that the total diameter Is near 100 microns. The 
anode 9 Is positioned about 1 millimeter from the 
material 4 and the opening 10 is about 1 millimeter. 
The work function of a gold film used as the 
material 4 is within a few tenths of an electron volt 
of the photon energy. The gold fim 4 is roughened. 
The system yields efficiencies of 02 x 10-3 which 
in turn corresponds to 6,000 electrons per pulse. 

The photocathode of the invention may be ap- 
plied as a photo electron source for a scanning 
electron microscope system well known in the art 
which can be used for high speed testing of such 
items as integrated circuits. A photo electron mi- 
croscope employing such photocathode will result 
in a well with the column of the microscope. Fur- 
ther, such an electron source decouples any vibra- 
tion of the laser with respect to the microscope 
column. In such an application, short lengths of 
fibre 1, not exceeding a few meters, should be 
used to prevent modal dispersion of the light 
pulses and keep electron pulse durations to the 
order of a picosecond. 

In lithography type applications, an Intense ul- 
tra violet laser, such as an excimer laser, may be 
used to give an electron source of higher bright- 
ness. With such a laser, it becomes possible to 
adjust the input light to the fibre. Fibre bundles can 
be used to give shaped beams and to form higher 
brightness crossove rpoints close to the bundle. 

What has been described is a fibre optic 
photocathode wherein a high intensity light source 
such as a laser is transmitted in the core of a clad 
optical fibre to a simple conducting cathode on the 
end of the optical fibre and, In the presence of a 
potential between an anode adjacent to the con- 
ducting cathode and the cathode, an extraction 
electrical field provides a beam of electrons. 



Claims 

1. A photoemission element comprising In 

combination: 

an optical fibre (1) having at least a core portion (2) 

sunrounded by a cladding portion (3), 

means introducing high intensity light (6) into one 

end of said optical fibre (1). and 

a conducting member (4) having a work function 

proximate to but lower than the photon energy of 

said light (6) positioned in photoemission proximity 

with at least said core (2), on the remaining end of 

said optical fibre (1). 

2. The photoemission element of claim 1 



wherein said conducting member (4) is In contact 
with at least said core (2). 

3. The photoemission element of claim 1 or 2 
wherein said light Introduction means Includes a 

5 laser. 

4. The photoemission element of one or more 
of the preceding claims 1 to 3 wherein said core 
(2) and said cladding (3) end In a flat surface (5) or 
are shaped to a point at said core (2). 

70 5. The photoemission element of one or more 
of the preceding claims 1 to 4 wherein said con- 
ducting member (4) is a metal preferably taken 
from the group of copper, nickel, gold, tungsten 
and aluminum. 

75 6. The photoemission element of one or more 
of the preceding claims 1 to 5 wherein said metal 
(4) is roughened. 

7. The phototemission element of one or more 
of the preceding claims 1 to 4 wherein said con- 

20 ducting member (4) is a material taken from the 
group of QaAs, GaP and Ceslated photocathode 
materials. 

8. A photocathode comprising in combination 
details as described in one or more of the preced- 

25 ing claims 1 to 7, further including an anode (9) 
positioned proximate to said conducting layer (4). 
having a hole (10) therein aligned with said core 
(2), and a charge between said conducting layer (4) 
and said anode (9) of a magnitude to provide an 

30 electron beam extraction field for electrons (11) 
emitted from said conducting layer (4). . 

9. The photocathode of claim 8 wherein said 
fibre (20) is positioned in a counterbore (23) of a 
conductive supporting member (21) and said metal 

35 (4) makes contact to both said core (2) and said 
supporting member (21). 

10. The photocathode of claim 8 or 9 wherein 
said laser (16) is focused through a modulator (18) 
and a lens (19) into said core (2) of said optical 

40 fibre (20). 

11. An array of selectively operable 
photocathodes comprising in combination: 

a plurality of photocathode members (24, 25. 26), 
each member as described in at least one or more 

46 of the preceding claims 8 to 10 further comprising 
a common flat anode (9) having an electron beam 
aperture (10) for each said photocathode. and 
means positioning each said remaining end of each 
said fibre proximate to and in alignment with an 

50 aperture (10) In said anode (9). 
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FIG. 2 

INTENSITY 




DISTANCE 



FIG. 3 
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